The present study was conducted to investigate the physico-chemical characteristics in drinking water of Mardan District, Pakistan. Furthermore, water quality was evaluated for the risk assessment of arsenic and heavy metals (HMs) and their contamination sources. Representative groundwater samples of shallow and deep sources were collected in the study area. These samples were analyzed for physical parameters, anions, light metals (LMs) and HMs. Results were compared with the drinking water guideline values set by the World Health Organization and the US Environmental Protection Agency. Average concentrations of anions, LMs and HMs were found within the maximum allowable contaminant levels except for bicarbonates, Fe, Cu, and Pb. Results revealed that hazard quotients >1 were observed for shallow groundwater for 10% samples only, suggesting potential health risk from water consumption. Correlation analysis and principal component analysis showed a relationship among various physico-chemical parameters in both shallow and deep groundwater. Statistical analyses suggested the geogenic and anthropogenic sources for possible enhancement of various physico-chemical parameters in the aquifer system of the study area.
INTRODUCTION
Drinking water contamination both of biological and chemical origin has received great attention by scientific studies all over the world (Muhammad et 
Sampling
Representative drinking water samples were collected from shallow groundwater (5-15 m deep) and deep groundwater HRA HRA was carried out in order to understand the chronic (non-carcinogenic) and carcinogenic effects of HMs and
As on the health of humans. Chronic effects are assumed to be based on threshold limits (reference dose), while carcinogenic responses are based on non-threshold limits. The non-threshold limit means that each dose would be able to cause a cancer risk (CR) (US EPA (United States Environmental Protection Agency) ). To measure the potential risk level of the selected HMs and As in drinking water, average daily dose (ADD) and hazard quotients (HQs) were calculated for Fe, Mn, Cu, Pb, Zn, Cr, Cd, and As.
CR was also calculated for As only.
Chronic risk
Humans' exposure to HMs and As is mainly occurring through oral intake and, to a lesser extent, through several other pathways including dermal contact, inhalation and the food chain. ADD was calculated according to the equation (US EPA (United States Environmental Protection Agency) )
where C represents concentration of metals (μg/L), IR is the ingestion rate (2 L/day), ED is exposure time in years (considered here to be 72 years), EF is the exposure frequency in terms of days/year (365 days), BW is the average body weight in kg (72 kg represents reference dose of a particular metal, e.g., 3 × 10 À1 , 1.4 × 10 À1 , 3.7 × 10 À2 , 3.6 × 10 À2 , 3 × 10 À1 , 2 × 10 À2 , 1.5 × 10 0 , 5 × 10 À4 , 3 × 10 4 mg/kg-day for the Fe, Mn, Cu, Pb, Zn, Ni, Cr, Cd, and As (US EPA (United States Environmental Protection Agency) ).
CR
CR was calculated by the equation
Here, CSF represents cancer slope factor which is 1.5 for As 
RESULTS AND DISCUSSION

Physico-chemical characteristics
The average concentrations of various physico-chemical parameters of the different kinds of water are presented in As were found within the drinking water guidelines of WHO (World Health Organization) () (Figure 2(c) ).
Higher concentrations of Fe, Mn, Pb, and Cu in some of the water samples of Mardan District could be due to the presence of sulfide seams in the area.
HRA
In the study area, HRA was carried out for shallow and deep groundwater samples that were used for drinking and other domestic purposes. For this purpose, basic information regarding drinking water sources was collected in the field.
Chronic risk assessment
The HRA data for shallow and deep groundwater are presented in Table 1 . The average ADD values for HMs in shallow groundwater were found as follows: Fe (1.3 × 10 À3 ), Mn (6.8 × 10 À4 ), Cu (4.6 × 10 À3 ), Pb (7.1 × 10 À5 ), Zn (1.7 × Fe SW 2.78 × 10 À7 -2.66 × 10 À2 1.3 × 10 À3 9.26 × 10 À7 -8.85 × 10 À2 4 × 10 À3 DW 1.94 × 10 À4 -2.75 × 10 À3 7 × 10 À4 6.48 × 10 À4 -9.17 × 10 À3 <1 × 10 À3 Mn SW 5.56 × 10 À5 -3.67 × 10 À3 6.8 × 10 À4 3.97 × 10 À4 -2.62 × 10 À2 5 × 10 À3 DW 5.56 × 10 À5 -2.5 × 10 À3 6 × 10 À4 3.97 × 10 À4 -1.79 × 10 À2 4 × 10 À3 Cu SW 2.78 × 10 À5 -6.93 × 10 À2 4.6 × 10 À3 7.51 × 10 À4 -1.87 × 10 0 1.2 × 10 À1 DW 8.33 × 10 À4 -2.35 × 10 À2 4 × 10 À3 2.25 × 10 À2 -6.34 × 10 À1 1 × 10 À1 Pb SW 2.78 × 10 À7 -9.61 × 10 À4 7.1 × 10 À5 7.72 × 10 À6 -2.67 × 10 À2 1.9 × 10 À2 DW 3.33 × 10 À6 -8.61 × 10 À5 1.41 × 10 À5 9.26 × 10 À5 -2.39 × 10 À3 <1 × 10 À3 Zn SW 2.78 × 10 À7 -1.16 × 10 À1 1.7 × 10 À2 9.26 × 10 À7 -3.87 × 10 À1 5.9 × 10 À2 DW 1.67 × 10 À4 -1.69 × 10 À2 4 × 10 À3 5.56 × 10 À4 -5.64 × 10 À2 1 × 10 À2 Ni SW 3.53 × 10 À5 -4.66 × 10 À4 1 × 10 À4 1.76 × 10 À3 -2.33 × 10 À2 5 × 10 À3 DW 3.19 × 10 À5 -1.18 × 10 À4 2.5 × 10 À5 1.6 × 10 À3 -5.92 × 10 À3 4 × 10 À3
Cr SW 4.66 × 10 À4 -1.12 × 10 À3 1 × 10 À3 2.59 × 10 À6 -7.46 × 10 À4 <1 × 10 À3 DW 1.20 × 10 À4 -2.53 × 10 À4 1.5 × 10 À5 7.98 × 10 À5 -1.69 × 10 À4 <1 × 10 À3 Cd SW 1.58 × 10 À6 -1.2 × 10 À4 2 × 10 À4 3.17 × 10 À3 -2.39 × 10 À1 6.2 × 10 À2 DW 5.56 × 10 À7 -3.97 × 10 À5 1.6 × 10 À5 1.11 × 10 À3 -7.94 × 10 À2 3 × 10 À2
As SW <1.0 × 10 À5 -2.15 × 10 À4 2.5 × 10 À5 <1.0 × 10 À5 -7.17 × 10 À1 83 × 10 À2 0.0-3.15 × 10 À4 3.7 × 10 À5 DW 1.11 × 10 À6 -7.94 × 10 À5 2.17 × 10 À5 3.7 × 10 À3 -2.65 × 10 À1 6 × 10 À2 1.98 × 10 À6 -1.16 × 10 À4 3.24 × 10 À5 10 À2 ), Ni (1.0 × 10 À4 ), Cr (1.0 × 10 À3 ), Cd (2.0 × 10 À4 ), and As (2.5 × 10 À5 ) mg/kg-day (Table 1) . Average ADD values for HM concentrations in deep groundwater samples were found as follows: Fe (7.0 × 10 À4 ), Mn (6.0 × 10 À4 ), Cu (4.0 × 10 À3 ), Pb (1.41 × 10 À5 ), Zn (4.0 × 10 À3 ), Cr (1.5 × 10 À5 ), Cd
(1.6 × 10 À5 ), and As (2.17 × 10 À5 ) mg/kg-day (Table 1) .
The HQ values for all the HMs of the shallow and deep groundwater samples are summarized in The lower HQ values of deep groundwater samples suggest no health risk to the exposed human population (Table 1) .
CR
The cancer slope risk factor is available only for As, therefore, CR was calculated for As concentrations in drinking water of shallow and deep groundwater samples of the study area (Table 1) . CR values ranged from 0.00 to 3.15 × 10 À4 with an average value of 3.7 × 10 À5 in shallow groundwater samples ( (Table 1) . Therefore, CR assessment of the study area suggests that there is a very low health risk due to As contamination.
Statistical analyses
Tables 2 PCA with Varimax normalization was applied to physicochemical parameters for their qualitative evaluation. Table 4 summarizes the PCA results for physico-chemical parameters of shallow groundwater samples, having a total variance of 88.561% for five factors of association. Factor-1 contributed 31.033% to the total with high loading on pH (r ¼ 0.879), Fe Factor-3 contributed 12.613% with high loading on Na (r ¼ 0.939) suggesting the contribution from saline soil, 
CONCLUSIONS
This study concluded that a majority of the physico-chemical parameters were found within the drinking water guidelines women's health. The PCA results in both the shallow and deep groundwater suggest that the rocks exposed in the northern parts of the Mardan District and agriculture play a major role in the contribution of physico-chemical parameters in the aquifer system of the area. The study revealed that shallow drinking water has higher contamination than deep water. Therefore, this study suggests that deep groundwater should be encouraged for drinking purposes in the district.
